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MAPS Performance Specifications
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• Inner Silicon tracking driven by heavy flavor jet performance
•Track acceptance: -1.1<η<+1.1 and 0<φ<2π
•Minimum vertex acceptance: -10 cm < zvtx < +10 cm
•Meet or Exceed a 30% b-jet efficiency at 30% b-jet purity

• defined by the CMS of b-jet figure-of-merit

•Minimum track efficiency: >95% of all charged particles
•Minimum DCAXY resolution: < 70 microns
•Resolve multiple collisions vertexes at large collider luminosities
•Maintain track momentum resolution:

• Upsilon mass: dp/p <1.2% for 4 < pT < 10 GeV/c
• Jet Fragmentation: dp/p < (0.2% x p) for pT < 40 GeV/c

•Maintain small rate of tracking ambiguities: fake tracks
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sPHENIX MAPS Description

3

TPC

MAPS

•ALICE ITS Inner Barrel Staves
• near-clone of ALICE IB
• 3-layers in a similar 12/16/20 configuration
• each stave has 9 sensors
• each stave ~0.3% X0

•ALPIDE Sensors
• 28 x 28 um pitch
• 99.9% efficiency
• 2-4 usec integration time
• on-pixel digitization

•sPHENIX Readout
• Custom FEM-based on 

ALICE Readout Unit
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Why select MAPS?
Minimize Risk, Maximize Physics

•Design: ITS IB exceeds our requirements, additional physics

•Savings: 15+ years of ALICE R&D

•Timeliness: Extend the CERN production (2017 & 2018)

•Leverage: US institutions interested in EIC MAPS R&D
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sPHENIX MAPS Geometry I
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40"

Ni/Au"plated"pads"

Contact"pads"are"distributed"over"the"matrix"
(custom"designed)"

InterconnecEon"of"pixel"chip"to"flex"PCB"

Solder"Pads"

In"order"to"solder"the"chip"on"the"flexible"printed"circuit"(FPC),"the"chip"Al"pads"need"
to"be"covered"with"Ni8Au"(wet8able"surface)""
PlaEng"is"done"on"wafers"level"using"electroless"Ni8Au"plaEng,"prior"to"thinning"and"
dicing""

ALPIDE81"
(~15"x"30"mm2)"

A"Large"Ion"Collider"Experiment"

55"

Inner"Barrel"–"Geometry"and"material"budget"

Coolant:"H2O,""leak8less"
Sensor"temperature"<"30°C""
Temperature"non8uniformity"<"5°C"

1.5gram"weight""

Tout=16.6(°C"

Tin=15.8°(C(

Max(T(periph=18.5°(C(

Min(T(pixel(=16.5°(C(

290mm"length"

W"="100"mW"/"cm2""(>"x2"nominal)",""H2O"flow"rate"="3"Lh
81"""

A"Large"Ion"Collider"Experiment"

Inner Barrel Stave
1.5 cm x 27 cm

ALPIDE Generation-4 Sensor
1024*512 = 0.5M channels / sensor
1.5 cm x 3.0 cm x 50 um
9 sensors / stave
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sPHENIX MAPS Geometry II
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MAPS Electronics
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busy out

DCM2 

EvB

existing designexisting sPHENIX 
design

new custom design,  
starting with ALICE boards

existing ALICE design

trigger in
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Design Drivers
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Why are three layers needed for sPHENIX?
Additional anchoring points are helpful for: secondary vertexing, 
pattern recognition, pileup rejection, self-alignment. Reduces need 
for addition tracking between MAPS and TPc. Studies of fewer 
layer options are still on-going.

Why not change the stave design to do X?
The ALICE design is well-suited for our physics and exceed our coverage 
needs. Potential cost savings by shortening the stave are countered
by redesign costs and delays. Cooling tube design requires duplicating 
ALICE water cooling system
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L3 Project Scope
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•Covered by MAPS project
•MAPS R&D effort

• 4-stave Prototype Tracker with ALICE Readout
• sPHENIX readout electronics design & prototyping
• Mechanics design & prototyping
• Servicing design (safety, cooling, power, etc)

•Construction deliverables
• 68 staves assemblies for 3-layer IB (CERN/sPHENIX)
• Mechanical assembly fabrication (LBNL)
• Front end electronics fabrication (x68) (LANL)
• Half-Barrel assembly, metrology (BNL)

•Hand-off for Installation at 1008

✴  LDRD deliverables
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Schedule Drivers
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•sPHENIX Readout Research and Development
•Custom readout will begin with ALICE design
•Multiple prototyping rounds expected
•Full system test needed before production

•ALICE ITS Inner Barrel Production
•Mid-2017: Arrival of 4-staves for R&D development
•Mid-2018: Natural end of ALICE production
•Late-2018: CD-3 begins
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Resource/Cost Drivers
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•Building a stave assembly lab from scratch is costly 
and time consuming (+$1-2M cost, +1 project years)
• Secure access to CERN facility via MOU to extend the 

assembly line in Switzerland

•Some project deliverables outside LANL expertise / 
capabilities
• Bring in large outside institutions

• LBNL for Mechanics, MIT for Stave assembly
• Focus LANL on readout speciality

• Bring in small outside institutions to provide add. manpower
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Organization
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Budget and Labor Profiles
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ID WBS Task Name Duration Start Finish Cost 
Center

Fixed Cost Cost Text10

1 1 MAPS Inner Barrel 1217 days Mon 10/3/16 Tue 6/1/21 $0.00 $4,835,948.24
2 1.11 MAPS Inner Barrel Starts 0 days Sat 10/1/16 Sat 10/1/16 $0.00 $0.00
3 1.10 MAPS Inner Barrel Ends 0 days Tue 6/1/21 Tue 6/1/21 $0.00 $0.00
4 1.1 Milestones of sPHENIX 1216 days Mon 10/3/16 Tue 6/1/21 $0.00 $0.00
5 1.1.1 sPHENIX Technical Design CD-0 0 days Tue 11/1/16 Tue 11/1/16 $0.00 $0.00 CD-0 (11/2016)
6 1.1.2 sPHENIX Technical Design (CD-1/CD-3a) 0 days Wed 11/1/17 Wed 11/1/17 $0.00 $0.00 CD-1 (11/2017)
7 1.1.3 sPHENIX Technical Dewsgin (CD-2) 0 days Mon 7/2/18 Mon 7/2/18 $0.00 $0.00 CD-2 (7/2018)
8 1.1.4 sPHENIX Start Construction (CD-3b) 0 days Wed 8/1/18 Wed 8/1/18 $0.00 $0.00 CD-3b (8/2018)
9 1.1.5 sPHENIX Installation 0 days Tue 6/1/21 Tue 6/1/21 $0.00 $0.00 ready for beam (6/2021)

10 1.1.6 ALICE ITS Inner Barrel Construction 261 days Mon 1/2/17 Mon 1/1/18 $0.00 $0.00 ITS construction
11 1.1.9 ALICE ITS Electronics Pre-Production 100 days Wed 2/22/17 Tue 7/11/17 $0.00 $0.00 ITS Electronics Pre-Production
12 1.1.8 ALICE ITS Electronics Production 240 days Thu 7/13/17 Wed 6/13/18 $0.00 $0.00 ITS Electronics Production
13 1.1.7 LANL LDRD 781 days Mon 10/3/16 Mon 9/30/19 LDRD $0.00 $0.00 LDRD
14 1.1.11 sPHENIX Test Beam 21 days Fri 2/1/19 Fri 3/1/19 LDRD $0.00 $0.00
15 1.2 Project Management 1217 days Mon 10/3/16 Tue 6/1/21 $0.00 $671,784.00 sPHENIX MAPS Project
16 1.2.1 Level 3 Project Manager 1217 days Mon 10/3/16 Tue 6/1/21 $0.00 $447,856.00
17 1.2.2 Mechanical Liason Engineer 1217 days Mon 10/3/16 Tue 6/1/21 $0.00 $111,964.00
18 1.2.3 Electronics Liason Engineer 1217 days Mon 10/3/16 Tue 6/1/21 $0.00 $111,964.00
19 1.3 Design & Prototyping 363 days? Mon 10/3/16 Wed 2/21/18 LDRD $0.00 $980,090.91 LDRD/R&D
20 1.3.1 MOU btw LANL/sPHENIX and ALICE 60 days? Mon 10/3/16 Fri 12/23/16 LDRD $0.00 $0.00
21 1.3.2 Readout Test Stand 65 days Mon 10/3/16 Fri 12/30/16 LDRD $0.00 $45,600.00
22 1.3.2.1 Obtain Design from CERN 5 days Mon 10/3/16 Fri 10/7/16 LDRD $0.00 $2,000.00
23 1.3.2.2 Procure 2 Test Stands 60 days Mon 10/3/16 Fri 12/23/16 LDRD $30,000.00 $39,600.00
24 1.3.2.3 Setup Test Stands 5 days Mon 12/26/16 Fri 12/30/16 LDRD $0.00 $4,000.00
25 1.3.3 Detector Staves 190 days? Mon 12/26/16 Fri 9/15/17 LDRD $0.00 $147,000.00
26 1.3.3.1 Procure and Produce 4 Staves 180 days Mon 12/26/16 Fri 9/1/17 LDRD $55,000.00 $127,000.00
27 1.3.3.2 Test Staves 10 days Mon 9/4/17 Fri 9/15/17 LDRD $0.00 $0.00
28 1.3.3.3 Travel and Per Diem Support 180 days? Mon 12/26/16 Fri 9/1/17 LDRD $20,000.00 $20,000.00
29 1.3.4 Electronics 363 days Mon 10/3/16 Wed 2/21/18 LDRD $0.00 $360,890.91
30 1.3.4.1 ALICE Readout Electronics 272 days Mon 10/3/16 Tue 10/17/17 $0.00 $39,600.00
31 1.3.4.1.1 SamTec Cables 12 days Mon 10/3/16 Tue 10/18/16 $0.00 $5,200.00
32 1.3.4.1.1.1 Procure 7 SamTec Cables 10 days Mon 10/3/16 Fri 10/14/16 LDRD $2,000.00 $5,200.00
33 1.3.4.1.1.2 Test Cables 2 days Mon 10/17/16 Tue 10/18/16 LDRD $0.00 $0.00
34 1.3.4.1.2 Readout Units (RDOs) 70 days Wed 7/12/17 Tue 10/17/17 $0.00 $13,000.00
35 1.3.4.1.2.1 Procure 4 RDOs 60 days Wed 7/12/17 Tue 10/3/17 LDRD $5,000.00 $8,200.00
36 1.3.4.1.2.2 Test RDOs 10 days Wed 10/4/17 Tue 10/17/17 LDRD $0.00 $4,800.00
37 1.3.4.1.3 Optical Cables 12 days Tue 10/4/16 Wed 10/19/16 $0.00 $2,600.00
38 1.3.4.1.3.1 Procure 4 Optical Cables 10 days Tue 10/4/16 Mon 10/17/16 LDRD $1,000.00 $2,600.00
39 1.3.4.1.3.2 Test Optical Cables 2 days Tue 10/18/16 Wed 10/19/16 LDRD $0.00 $0.00
40 1.3.4.1.4 Common Readout Units (CRUs) 65 days Wed 10/5/16 Tue 1/3/17 $0.00 $18,800.00
41 1.3.4.1.4.1 Procure 2 CRUs 60 days Wed 10/5/16 Tue 12/27/16 LDRD $10,000.00 $14,800.00
42 1.3.4.1.4.2 Test CRUs 5 days Wed 12/28/16 Tue 1/3/17 LDRD $0.00 $4,000.00
43 1.3.4.2 sPHENIX Readout Electronics 

Integration (FEM)
351 days Mon 10/3/16 Mon 2/5/18 $0.00 $309,290.91

44 1.3.4.2.1 obtain ALICE Readout Unit design 1 day Mon 10/3/16 Mon 10/3/16 LDRD $0.00 $2,000.00
45 1.3.4.2.2 initial design 40 days Tue 10/4/16 Mon 11/28/16 LDRD $0.00 $40,000.00
46 1.3.4.2.3 prototype 60 days Tue 11/29/16 Mon 2/20/17 LDRD $5,000.00 $24,200.00
47 1.3.4.2.4 test-I 20 days Tue 2/21/17 Mon 3/20/17 LDRD $0.00 $2,545.45
48 1.3.4.2.5 revised design 30 days Tue 3/21/17 Mon 5/1/17 LDRD $0.00 $30,000.00
49 1.3.4.2.6 prototype 60 days Tue 5/2/17 Mon 7/24/17 LDRD $5,000.00 $24,200.00
50 1.3.4.2.7 test-II 20 days Tue 7/25/17 Mon 8/21/17 LDRD $0.00 $2,545.45
51 1.3.4.2.8 final design 30 days Tue 8/22/17 Mon 10/2/17 LDRD $0.00 $30,000.00
52 1.3.4.2.9 Procure 4 FEMs 60 days Tue 10/3/17 Mon 12/25/17 LDRD $20,000.00 $24,800.00
53 1.3.4.2.10 System Test 30 days Tue 12/26/17 Mon 2/5/18 LDRD $0.00 $6,000.00
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CD-3b (8/2018)
sPHENIX Installation
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ITS Electronics Pre-Production
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LDRD

sPHENIX MAPS Project
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Mech Liason Eng[5%]
Elec Liason Eng[5%]

LDRD/R&D
12/23

Electronics Engineer[20%]
Elec tech[10%],Physicist[20%]
Physicist,Elec tech[50%]

Physicist,Elec tech
Physicist[200%]

Physicist[20%],Elec tech[20%]
Physicist

Physicist[10%],Elec tech[5%]
Physicist,Elec tech[30%]
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Physicist
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Timeline of Major Tasks
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•Key Dates
• Start of LDRD funding: October 1 2016
• Arrival of 4-staves: mid 2017
• Full System Readout Test: late 2017
• Readout Electronics Design Finalization: early 2018
• End of ALICE ITS Inner Stave assembly: mid 2018 (latest ITS update)
• Test Beam Operation: early 2019
• Ready for CD-2 by July 2018
• Ready for CD-3 by August 2018 (sPHENIX CD-3b date)
• Inner Barrel Stave Construction (9 mo): late 2018 to mid 2019
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Project Status
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Funded!

Funding Breakdown:
~1/3 M&S
~1/3 Experiment Staffing
~1/3 Theory Staffing

Funding Profile:
$5M spread over 3 years
starting in Oct 2016

Proposals judged on many factors, 
coverage from multiple divisions, 
strong Theory is necessary to success

M&S total: $1.5M

Total Experimental Support: $3M

Engineering: $0.5M

Purpose: Obtain key R&D support
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Issues and Concerns
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(1) Mating the ALICE and sPHENIX production schedules
Problem: now only ~1/4 year gap between ITS and CD-3
Strategy: train experts in-situ, maintain production line at low effort, & 
ramp back up, look for opportunities to close the gap

(2) Long Development Time for Readout Electronics 
Problem: Full custom board design may be required 
Strategy: Early review of options, early start on design if full custom 
boards are needed.
Plan-B: Readout one stave with prototype electronics as proof-of-principle 
for technical review



Backups
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ALPIDE Pixel Technology
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Tower"Jazz"0.18"µm"CMOS"
•  feature"size"" "180"nm"
•  metal"layers "6""
•  gate"oxide" "3nm"

"

ITS"Pixel"Chip"–"technology"choice"
CMOS"Pixel"Sensor"using"TowerJazz"0.18µm"CMOS"Imaging"Process""""

▶  High8resisEvity"(>"1kΩ"cm)"p8type"epitaxial"layer"(18µm"to"30µm)"on"p8type"substrate"

▶  Small"n8well"diode"(2"µm"diameter),"~100"Emes"smaller"than"pixel"=>"low"capacitance"

▶  ApplicaEon"of"(moderate)"reverse"bias"voltage"to"substrate"(contact"from"the"top)"can"be"
used"to"increase"depleEon"zone"around"NWELL"collecEon"diode""""

▶  Deep"PWELL"shields"NWELL"of"PMOS"transistors"to"allow"for"full"CMOS"circuitry"within"
acEve"area""
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A"Large"Ion"Collider"Experiment"
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ALPIDE"Principle"of"OperaEon"

Front8end"acts"as"delay"line"
•  Sensor"and"front8end"conEnuously"acEve"
•  Upon"parEcle"hit"front8end"forms"a"pulse"with"~182µs"peaking"Eme"
•  Threshold"is"applied"to"form"binary"pulse"
•  Hit"is"latched"into"a"(38bit)"memory"if"strobe"is"applied"during"binary"pulse""

ultra"low8power"front8end"circuit""
40nW"/"pixel"
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ALPIDE Readout
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▶  In8pixel"amplificaEon"

▶  In8pixel"discriminaEon"

▶  In8pixel"(mulE8)"hit"buffer"

▶  In8matrix"sparsificaEon"

Key"Features"

!  28"µm"x"28"mm"pixel"pitch"
!  ConEnuously"acEve,"ultra8low"power"front8end"(40nW/pixel)"

!  No"clock"propagaEon"to"the"matrix"""ultra8low"power"matrix"readout"(2mW"whole"chip)"

!  Global"shuwer"(<10µs):"triggered"acquisiEon"or"conEnuous"


